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.ameliorate the d+fficulties inherent in the data ana1y51s of
longitudinal Studjes ape presented. The first step in 1ong1tud1na1~~-
.data analysis is graphlngg This permits visual 1nspectx¢n_of the lf
data, and with educated yiewing can yield insights into the nature’ ‘of
the underlylng mechanlsns. The ‘nexy level df sophistication is to
apply regression analysis.and change p01nt analysis to the curves

~ obtained from the graphical analysis. It is usually the sase in

1opg1tudlna1mstud1e5'that the exact form of the curve,ls not known
prior to the experimentation. The graphing 8f the data is useful ih
suggesting different kathematical models to apply to the curves. The
results of the regression analysis will help determine the uniformity
'of the process across-subjects. The next step is-to-use the form of
"the fitted equatiof to determine s;gnlfzcant p01nts on the cutve. The
shape of the curve will suggest change points-in the subjects*
behavior, with ,respect to the dependent~var1ab1e. In certain cases
where problems arise, the use of principal components is called for.
Practicdl advantages are-that they explain the original curve best [
and .will likely point to any efisting major differences, and ‘they

Y} occur mathematlcally and do not depend on the experimenter's ability

« to form a regression curve or pick important change points. When used

. in conjunction with each other, these techniques form a powerfwl
,package for analyzing longltndinai data. (RC)
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O - In a ‘Iéngltudinal study, when several varlables are Investigated, tha’
—i data analysls Is often perplexing. " The Independent varlable Is Invariably
. -.. " - . .. . .
i " . .
o *time, but the appropriate choice of the dependent varliable and method of
i a9 .

g 3
analysls FS,not always clear. There are several statistical technlques

T

'fhéf'gah be used to #mellorate these difflculties, and fhey'rangq from
'slmple to app[y and lnjerprg+~fo conqepfually.compléx. The technlques
are Sraphlng, régresslon, change polnt analysis and princlpal components.
There atre éddlflonqlf thh-poweréd, statistical fechﬁlques that can
;{j be:used to analyze longltudlnal dafa; ‘cannonlca[ correlation, multivariate -
analysls ofcvarlance, mdlflvarlafe time serles; and factor analysis wlth

vt a wlde cholce of roféflqn,preceddres. While these technlques are

’

applicabte, thelr results are often dltfﬁtdlf to Interpret. When deallng

with lorgltudinal data ard subjects who are In.a perlod of rapld development
D, S, i : 3

1
¢

. - , <
a ma jor difflculty Is that the response varlables are varylng wlth time,
- L4 - s <
and not al! responses vary at the same rate. Thls dlftlsulﬁy 1§ further |
M L . . 4 - hid i
_comp |lcated by subject to sub ject varlabtllty. The beginnlng of a. ' E
' |

develogmenfal trend Is often not at the same chronologlcal ége for all

[T
-
-
li:b p
—
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subJQCfs;'ln-adqulon the period to ?u1l\devejopmen+ will vary from

subJecf to subject. Theée forms of varlability méke pna1ys|s'dlff|cdlf.

[

Thls paper presenfs suggesflons for ame | lorating fhese problems of ‘ .

Ionglfudlnal data analysls where smal sanples are used.

The f rsf step Ircan analysls of Ionqlfudlnal data Is to graph the

-

dafa. This permlfs visual lnspecflon of the dafa, and wlfh educafed

vlewfﬁb.can yleld Inslghts into the nature of the underlyling mechanisms.

’ o

In almost all- types of data analysls, the visual, Inspection of daia,lé

X 4

r Important. WIth longlitudinal data the plcture of the défa_ls almost
always rérardtng. oo ) ' L \; N
A series of graphs shéuld be prepared for each subject. For each
g subjecf a separafe'graph Is made for'each dependent varfable of lnfereSTué
All qraphs should have the same time scale .to make lnferprefaflons simpler.

The araphs are +hen Iald out Irr rectanqgle wlfh’slmllar measures Ilned up
™~

In one directlon, and,subjecfs lingd up In the other direction. Tie -

‘ . A [

"qud ‘of graphs" Is’ now open for Inspectior.
\)

., Flrst look for pafferns from subJecf fo subjecf on a parflcular

dependent measure. , |s. the shépe of the curve the sdme for each-subJQCY?
3 .

ry

Are some dIsplaced along the time axls? Are some elongated or helghféned

+

relatlive to the ofhers? “Some subjec+§ may have deveiopéd éa?ly or late and
. <8 g
Q& 'nof have full curves, so the remalnlng parflon wlll have ta be added

LI , Y
menfally If all curves are almosf the same fhen‘f%ere Is, 1l++1e or no

subJecf to subJec+ varlablllfy on the glven _measure, and the phenomenon

can be Investigated uslna all subjects. If There is a dlsplacemenf or

distertion o% the curve wlth réspect to some subjects, determine what
) e . L e .
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distingulshes these subJecfs from the.others. rs it o aply one point fhaf ,

"
- - P ..
: . Is astray, dld fhe 5ubjec+ have "a bad”Uay” durlng that observaflon was

the 5ubjecf<ﬁlearnlnq from that” kid next doér"? These reasohs mlahf aCCOun+

14 o
*

for subject to SUb{ecf variabl1tty.
o . T .

o

.

: Nexf look for patterns In the medsures from-subject to subject. If &
E ‘*\ Y \ !
5ubJecf ls relatively advanced In one measure, does-lf also hold for'ofher

— neasu?es? Does the pattern of dlfferencescolnclde\ulfh the nafure of fhe
subJecf? ' '—} S

.

v “ Paf#erns within 5ubJec+s and pafferns from:5ubjec+ to subJecf should
' Py

». e

emerge. i patterns do not show,then, possibly, the lnsfrumenfs used

4 ' - - . . Fj -
do not measure what they are intended to (they lack valldity), or the /.
4 S - : 4

underlying sypotheses need reoraani zing, or the banans are subtle and.'
8

' . .Y
J need more sophleflca*ed analysis. ‘ R S )
\ ‘As an example, data fepm a one‘;ear-lonolfudlnal study Qas analyzed.
. Flve female'5ubjec+;, ranging In age fro; 14 to N9 months aTvihe sferf
~of the study, were observed appgoxlﬁafely Aenfhly for a 46 minute period
for the duration of the study. (Nicolich, 1975). Of fhe measurements
°
'made in the. Orlqlnal study, consTQpra+lon wllr»be made of two" Ilnqulsffc ;

variables (type: lmltaflon rate, and’number of woyd Types) and ohe non-
lingulstic-variable (Ievel of symbolic play). Figures | through 8 represent -

graphs derived from the data. T s .
: |

Flgure | demonstrates several pattern changes for a sinale response

AY
‘variable for the five subjects. Tracy exhibjits a shift, In that her -
2 ; ]
'paffern beglns relaflvely 'late. Mira has her "steps' compressed and -

P probably went fhrouqh the Ievels between |5 and HSnonfhs of aqe, and the

G-
s steps were mlssed:_ Shantl -has’ a relafl@ely’elonqafed pattern. All five
-y . g .. ‘ ) R ’ '
N 5 .
\)4 ‘e . ]r — N
. 4 «
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sub jects have a-siml lar pattern, but slight chances or anlvlduallfles
d rd - ] .
!

are noted. N , . ) .

R ’ 2-
Flgure 2 qraphs the Type lmlfaflon rate for aII flve subJecfs on the

- same graph . I+ Is dlfflculf to make comparisons or concluslons from this
' @
graph. Flve separafe graphs, lald ouf slde by s!de, yleld a beffer plcfure,

and promote ln:*erprefaﬂon. See Figures -4 fhmuqh,».B. The time axl.; Is
the same for the first four subJecfs but chanced for fhe last Tn order to
g!ve.a larger qraph. Nofe lf Is Tracy, the Iafe sfarfer, who agaln has

{ g .
her pattern sh!fted to the rlght, this I's also evident from Flgure 2.

]

s

Agaln the pafferﬁ of the flve 5ubJec#s Is slhllér; a rfaht skewed, unlmoqal,

' 4
N plafykurflc dlsfrlbuflon (a mound fralllnq off to the right). “Mira's

{
o

paTTern Is most dlfferenf, and agalin Is compressed. Shantl has an eWongafed
patfern~agaln Thf beqlnnlnq ‘of Merl's curvé Is missling slnce the sfudy

hegan after fhe sfarf of her develqpmenf on tHIs varlable. The’l8 monfh

!
observaf]on for Janls Is ouf of pattern; notes made by the reseérchek at’
S
the time. éf the v!slf Indicate that she was vlslfed four hours later fhan »

\? usual and was tlred and Iistless. TQIs ls an lhdlcaflon of the ablll?y

{

of the technique to hlghllghf lncon Igtencles In.the data.
Figure 3 Is another example of slmllarlfy In subjects on yet another

[ ‘ . measure (broken Into three sub measures). No sophisticated statistical =~

: A fechnlques are requlred to éhow that, Qfor all 5ubJecfs sfudled the

Sponfaneous word types exceed fhe other cafeqorles aftter the flrst sesslons..

- ther concluslons thrat can be mgde from the qraph are fhaf the number of

sponfaneous word types Increase during the per{bd under study whi le the

e

other categorles are relatively consjan+, the spontaneous-Imlitated category

Q _ | - 5




Is less frequent than the' Imitated and that at a time near the/ 5th session -

1}

there Is a sharp Increase In the number of“spontaneous word types.

The graphlical technlque c;n be ﬁsed as bre]lmlhary analysis to more
sophlsticated techniquss, to géf a feel for the data and to detect patterns.
It can also be a termInal enalysis In some césés when the results aré>$+rong ' )
and cleér cut.- |

The nexf'[evel of sophis‘tication Is fb apply regression analysis and
change point analysls to the curves obtained’ from the graphical analyslis.
I+ ls usual ly the case in Ionglfuélnal studles }haf the exact form of the

curve Is’ not known prior to the experimentation. The araphing of the data

Is useful In suggesting different mathematical models to apply to the curves.

,|ﬁ(mos+ cases several different curves should be It to the data to find

a curve whfch is unlfoleyla;cepfable for the data from each subject. |If
there are any subjecfs that behave differently from the majority, then elther
analyze fhemkéeparafely or reﬁove them from further analysis. ‘- They should
recelve spéclal affenflon‘fo &efefmlne why they aré different; are they
unldue to fhénseives or do they torm another pheng%ena?

The results of the regression anélysls will helpldefermlne the

uniformity of the process across subjects. |f the sianlficance level of

¢ I

“the fltted curve is simllar for all subjects, then It can be concluded

that_the phenomenon s unfform among the éubjects. In the example, a -
curve of.fhe'form

- ' y = AxBer~ .
was found to fit the curves of the five subjec;s depicted In Figures 4 . N

through 8.q In the equaflon~y is the type Imitation rate, x Is the age

In months, e Is the base of the natural Iogarlfh[% and A, B and C are the




/
]

/

parameters to be estlmafed In the equation. The slanlflcance levels

were .002, .02; 104,.02, and .06 for fhe regressions fittIng Flgures 4

i

through 8. The, flt was unlform and good, thus It was concluded that the

equation adequafely mode lad the phenomenon In these subJecfs T+ can
, /

+

then be concwuded that. fhese flve’ subJecfs all-behave slmllarly with ¢

r

respecf to fVme and type Imltation rate.

The fl¥4lnq of fhe\regresslon curves ls to deterrlne unlform! ty- of

sub ject reeponse. The next step Is to use fhe form of” the flffed-equa#lon
/ ‘ © -

to determlne slgnl flcant polnts on the curve. . The shape of the curve

whil suggesf change polnfs In fhe subJecfs behavLor with respecf to the ;

dependenf variable. The chanqe polnfs mlight be ons j of the phenomena,

fermlneflon of the phenomena,'peak value, flme when a chénqe In behavior

Is observed, or any other measure suqoesfed by, theory or curve shape

These change polnfs are fhen lnvesflqafed as addlfional fheoreflcal

. . L.

dafa polnts. They can be consldered to be error free ln that fhe; are

derived from a fIfTed model| and not from- dlrec+ observaflon -They are

-

raally error free only Insofar as the fiffed”model Is error free.

In the examp le belna used, the maxlimum Type !mlfafion rate” was

consldered to be of theoret!cal lmporfance The max fmum, predicted from

the fltted model was found fon'each fltted curve by . qse of ﬂhe\dlfferenflal

N

calculus the maximum lé plotted on the qraphs’ Thnre Is close aqreemenf

o0

of fheoreflcal and actual maxima In fOUcréf fhe flve curvés, acaln I+ ls

Mira who doesn'f follow as well. The max Imum tends to be near the
. N

) [
transitioo from play devel 3 to play level 4. |t also Is near a larde

/ .. ..
Increase In the number of single word Imltations (Seoe Flqures).” These ~
g y; ' .

observations are the type that can be made from this kind of,analysls.'

-
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The pracffcallslqnlflcance and usefulnessvof.fhe observafl6n§ depend on
the data a; hand.' In the example the relaflonsﬁlp of the maglmum Tpv#he( 1 .
single word types JES uséful In expialnlng a linqulstic phenomenon.:

In additlon to a visual lnséecflon andglnferpreféflon éf the chandé »
?olnfs, any type of data analysls can be used wlth the change poin+s as ) .
data. A t test could be used to see If two subdqroups éf students fmales,
and females for example) dlffer In thelr change polnts. |f the subjects
were chosen accordina to an.éxperlm?nfaf destgn. layout, the cpang;\poln}s
couldipe anélyzed"acéordlnn to the design ¢pnffgura+lon, and Tge analysls "
would proceed as Qlfh any experlmﬁnfql deslgn program. Alfernaf}vély the. ,

change polnfs'mlth be used as a cependent varlable In a regression wlth

the Independent variable some measure on the subject such as ane, at the N

start of the %tudy. When;dolna this type of analysls care must be fakeq.

The usual. caveats of analysis of varlance and regresslon must be observed,
. ] — *
and-in additlon, |f several change polnts per ¢urve are to be analyzed,

repember they are not Independent of each other and results from separéfe
analyses wil| be correlated. : , /7 )
( .
~

| f the curves from the graphing are unwelldy, or do not lend themselves

to regresslon analysls, or the regresslon results do not yleld adequafek
' \

- change polnts, or If further analysls of Important polnts lq qeslred but

the InTeréependency Is a problem, then the use of principal ¢omponents Is
- B .

" called for. The-fgli technique, wlith a .complete example, Is described hy

- I'
Church (1966). ' : ] T ] .

" Princlpal components analys!s would use as Input.data measurements .o

made on\fheﬁﬁependenf varigble .at chosen time polnts (the ln&ependenj

3

varlable). The subjeéfs,would haye to have been measured at -the 'same polint

+ . L]

| 8
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y ,
In time. The time would be elther the subjects age tIme or calendar time

dependina on what Is used as the lndghendénf variable. If the dependenf

varlable was not measured at The same Tlme for each subJec* the value
»

of fhe dependent varlable at the requlired time could be’épproxlma+ed by

‘Interpoiation befween adjacent flme values.
‘

Data for each subJecf would be 3 column of values of the. dependenf 7
\\\\\ varfable, each value taken at a defermlned polnt In time. The prlnclpal

.conponenf analysls ylelds a set of Ilnear comblnations of These data

-~

polnts whlch "explaln the cause_of the varlabl1}1y. A llnear comblnaflon
\ Is a welghted average of the dependent vartables taken over time. Each
’ . . . . . n '
~ | Inear comblnaflpn has a dlfferent we'thlqg comblnation. The "epranaTlon“

Is #he accqunflnq for the varlable not having the same value throughout

the Tlme perlod. The welthlnqs offen have dlrecf Interpretations and

’ -

have the same Jnferprefaflop as The facfors In facfor analysls. An
Imporfén% fact Is that the components are Indegendent of each other.’

Usual ly. a subset of the prl;clpal components (3 to 5 of them) aré o
sufflclent to "expqun" the majority o} the varlablilty. The welghflnqé of
the principal componénfs can be applled to each subjects dependent

PR varlable measurements to come up'y!fh a set of Indlvldual, Indepéndent scores.
These sco;es can be treated as change polnts, except they may have a more
complex Interpretation than that of a maximum, minlmum, etc. These scores

, %

can then be used In the t+ test, analysls of varlance or regression as : N
# .

-brevlously'explalned. Thelr major statistical adyanfége of principal
coAponenT scores over change polnts Is that they are lndependent of each

‘ofher and a separa+e ?Haryéls can be performed for each score type
without régard for the correlatlon of-score 1ypés. Practlcal advantages

o ’

“are that they are "best at explalning" the orlglnal curve and will Ilkely

&

ERIC " . ’ . 9 ‘ | .l
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point to 3ajor blff?rences_lf they exlst, and they occur mathematically

5\

and do not depend on the experlmenfers abllity- to form a regression curVe,
or plck lmporTanT chénoe polnts: ) )

No example is presenfed/for this Technlque because the data used IA
The examp les dld not requlre this level of sophlsflca1|on The Inspection
of change points was sufilclient to Indicate the underlying phanomena. ‘
Discusslons and examp les of prlnélpalvcomponenfs anaiygls :zn bte found In

Cooley and Lohnes (1971), Morrison (1967) and Van dé Geer (1971).

The series of techniques deseribed form a pouerful package for

)

anaIyLlnq Ionqlfudinal data. When used In conjunction wlth each other they

© can lndlcé#e new approaches and ldeas concerning the daf3{ as well ag

-

verifyling predetermined hynothesns.
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